Whereas the first part of this paper dealt with the relaxation in the β-regime, this part investigates the final relaxation (α-relaxation) of a simulated polymer melt consisting of short non-entangled chains in the supercooled state above the critical temperature Tc of ideal mode-coupling theory (MCT). The temperature range covers the onset of a two-step relaxation behaviour down to a temperature merely 2% above Tc. We monitor the incoherent intermediate scattering function as well as the coherent intermediate scattering function of both a single chain and the melt over a wide range of wave numbers q. Upon approaching Tc the coherent α-relaxation time of the melt increases strongly close to the maximum qmax of the collective static structure factor Sq and roughly follows the shape of Sq for q qmax. For smaller q-values corresponding to the radius of gyration the relaxation time exhibits another maximum. The temperature dependence of the relaxation times is well described by a power law with a q-dependent exponent in an intermediate temperature range. Deviations are found very close to and far above T c, the onset of which depends on q. The time-temperature superposition principle of MCT is clearly borne out in the whole range of reciprocal vectors. An analysis of the α-decay by the Kohlrausch-Williams-Watts (KWW) function reveals that the collective KWW stretching exponent and KWW relaxation time show a modulation with S q . Furthermore, both incoherent and coherent KWW times approach the large-q prediction of MCT already for q > qmax. At small q, a q −3 power law is found for the coherent chain KWW times similar to that of recent experiments.
Introduction
The preceding paper [1] reported results from a moleculardynamics simulation for a bead-spring model of a supercooled polymer melt. The aim of this work was to extend our previous analysis [2] [3] [4] [5] [6] [7] to coherent scattering of the chains and the melt. Much of this analysis was guided by the mode-coupling approach to the structural glass transition [8] [9] [10] [11] .
Mode-coupling theory (MCT) derives an equation of motion for density fluctuations (incoherent and coherent scattering functions), in which a non-linear coupling between different wave vectors ("modes") gives rise to a critical temperature T c . This temperature is situated in the region of the supercooled liquid above the glass transition temperature T g . It may be interpreted as a crossover point from the high-temperature region of structural relaxation (dominated by the "cage effect") to the low-temperature a E-mail: Martin.Aichele@uni-mainz.de region where the dynamics becomes more and more dominated by activated processes over (free) energy barriers during supercooling (see [9, 10] for a detailed discussion of this physical picture).
An important property of T c is that it is an equilibrium quantity which can be calculated if accurate data for the static structure factor are available. Such a quantitative approach was performed for hard-sphere-like colloidal particles [12, 13] , soft spheres [14] or binary Lennard-Jones (LJ) mixtures [15] . These approaches reveal that MCT provides a reasonable framework for quantitative predictions of specific systems, but it also tends to overestimate the freezing ability of a glass former (see [15] for a comparative discussion).
This tendency is exemplified by the so-called idealized MCT which deals with the cage effect only [9] [10] [11] . The idealized theory predicts the intermittence of complete structural relaxation if T ≤ T c . However, since T c > T g , the arrest of structural relaxation is in general not observed in experiments [8, 16, 17] or computer simulations [8, 18] .
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The European Physical Journal E Additional relaxation channels, which are ignored by the idealized MCT, must become important close to and particularly below T c . The extended MCT tries to include these channels approximately [10, 19, 20] . These additional relaxation processes, called "activated hopping processes", replace the complete freezing of the idealized theory at T c by the aforementioned crossover to low-temperature activated dynamics. The status of this extension is, however, unclear at present [8, 21] . On the one hand, evidence from simulations is scarce [22] , and on the other hand, evidence from experiments [23] [24] [25] is challenged due to experimental problems [26] .
Nonetheless, a recent application of a schematic MCT model, including hopping processes, to light-scattering, dielectric relaxation and neutron scattering data [21] yields a coherent description of the different spectra. This study also exemplifies the theoretical prediction [19] that there is a temperature interval above T c , where the idealized theory represents a viable approach. The same conclusion was also drawn from various other experiments [8, 13, [27] [28] [29] [30] [31] [32] and simulations [18, [33] [34] [35] [36] [37] [38] [39] [40] . This has led to extension of the idealized theory to include corrections to the asymptotic behavior close to T c [41, 42] or to orientational degrees of freedom [43] [44] [45] , but also to further tests of the theory.
In this spirit, we want to complement our previous simulation studies by an analysis of the α-relaxation of the coherent scattering functions of a supercooled polymer melt. This analysis is based on a detailed investigation of the β-relaxation described in the preceding paper [1] . The present paper is organized as follows: Section 2 introduces the model and the analysed quantities, whereas section 3 reviews the theoretical background for the subsequent analysis which is described in Section 4. The final section contains our conclusions.
Model and analysed quantities
The model we simulated by means of molecular-dynamics simulation is described in part I of this paper [1] (hereafter referred to as part I) and more extensively in [2] . Here, we only give a brief summary.
We simulated a bead-spring model of linear polymers with N = 10 monomers per chain. The monomermonomer interaction was modelled by a truncated and shifted Lennard-Jones (LJ) potential. So, all quantities are measured in LJ units in the following. In addition, bonds along the polymer backbone were introduced by a FENE potential. The parameters of the potentials were adjusted such that the minima of the LJ potential and of the bond potential (= combined LJ and FENE potentials), r min and r bond , respectively, were geometrically incompatible. This means that the preferred nearest-neighbour distance of non-bonded monomers r min and the preferred bond length r bond do not allow arrangement of the beads in a regular fcc (or bcc) lattice structure. Thus, crystallisation is prevented by this incompatibility and by the flexibility of the polymer backbone at all temperatures (the (square) end-to-end distance R 2 e = 12.3 ± 0.1 and the radius of gyration R 2 g = 2.09 ± 0.01 stay almost constant [2]). Simulations were done at constant pressure p = 1 and at temperatures T = 0.46, 0.47, 0.48, 0.50, 0.52, 0.55, 0.6, 0.65, 0.7, covering the range from the onset of glassy behaviour to about the critical temperature of mode-coupling theory (MCT), T c = 0.450 ± 0.005 (see [2] and Sect. 4.1). For all temperatures an amorphous static structure is observed, as discussed in part I.
Whereas the first part of the paper investigated the behaviour of our system in the β-relaxation regime, this part discusses the α-relaxation, i.e., the late-time structural relaxation of the polymer melt. We computed the incoherent, the coherent chain and the coherent melt intermediate scattering functions to probe the dynamics.
We define the coherent (or collective) intermediate scattering function of the melt by
